Abstract-In order to solve the problems of execution complexity and time waste in compression process induced by Post Compression Rate Distortion(PCRD) Optimization in embedded block coding in JPEG2000, this paper proposes an effective method to promote coding efficiency-embedded block coding algorithm with prediction truncation based on regression analysis. This algorithm predicts the truncation points based on regression formula derived from linear regression analysis. It avoids scanning and encoding the bit planes that can be truncated, discards the time-consuming rate-distortion truncation processing, so that the algorithm is able to speed up the compression process. The experiment results show the algorithm obtains obvious promotion efficiency of coding speed.
I. INTRODUCTION
This paper adopts the static image compression standard JPEG2000 based on discrete wavelet transform [1] , in 1998, David Taubman brought forward the optimized truncation of embedded block coding [2] (Embedded Block Coding with Optimal Truncation, EBCOT) as the core algorithm, which has flexible organization forms of code stream, robust fault tolerance, excellent low bit-rate compression performance, a variety of progressive transmission mode.
The embedded block coding algorithm for optimization truncation is mainly divided into two parts: Tier-1 encoding, which is the most important embedded coding to complete the EBCOT, the main task is doing the plane sweep of fractional bits to independent code block, provides coding symbols and their context information, proceeds binary arithmetic coding; Tier-2 coding, adopting Post Compression Rate Distortion(PCRD) Optimization, rate control optimize truncation is proceeded to the bit stream of Tier-1 encoding, Tier-2 code organizes and forms the output stream with quality layer, where each code block is different to the contribution of image quality.
Embedded block coding algorithm of JPEG2000 in Tier-1 coding stage, generates the bit stream to all the independent code block coding, namely uses the three scanning channels to scan each bit plane in turn, and also calls the corresponding coding primitives to encode the bits of each coefficient; in the Tier-2 coding phase according to the target bit rate to truncate and generate abstract quality layers, especially for the case of high compression ratio such as 0.125 or 0.0625, the majority of the coefficients which have been encoded in tier-2 stage are discarded through truncation. Obviously, a lot of running time is wasted in the coding of coefficient bits that will be truncated. This paper proposes the predict truncation algorithm based on regression analysis, while embedded coding it can predict plane scan code stream position of the truncated points, give up coding to the coefficients bits that will be discarded, and give up the rate distortion calculation and optimization truncation based on cycle search in Tier-2 coding, thus greatly improves the encoding speed.
II. PREDICTION TRUNCATION ALGORITHM
Suppose independent code block i B is being encoded, after Tier-2 optimization and truncation the length of bit stream is 
Independent variable mainly has the following items: (1) the sub-band weight value i W corresponding to i B : the sub-band weight value is mainly used to calculate the MSE value of each coefficient after quantization coding; it is used to measure the importance of different sub-band coefficients. In general, sub-band energy is more concentrated, the value i W is greater. To 5/3 wavelet transform, the image size is 128 × 128, the resolution rating of wavelet transform is 4, the weights of each sub-band distribution are illustrated in Figure  1 . Obviously, the size of weights decreases with the increase of the resolution series. In order to facilitate observation, in accordance with the formula (3) the right value i W is converted to ratio Table I . Table II . R S is the deviation sum of squares, e S is the residential sum of squares, and T S is the regression sum of squares. 
The correlation coefficient is closer to 1, indicating that the linear relationship is more significant. Calculating according to the results of variance analysis table, the linear correlation coefficient R is 0.74216, indicating that the independent variable is a linear relationship with response variable. Residual standard deviation S represents the precision of linear regression equation; the accuracy of the above regression equation can be obtained 0.032694 according to the formula (8). In addition to using the linear correlation coefficient, hypothesis testing can also be used to do significance test. Assuming 0 H is non-linear relationship, 1 H is linear relationship. H is refused, that means the linear relationship is significant. Until now, the relationship between independent variables and response variables is considered as linear.
Besides proceeding linear significant analysis, each coefficient should do the significance test to determine the impact extent of the independent variables on the response From the table, the correlation coefficient R is only 0.01, which is far less than 1. And there is no linear correlation between independent variables and response variables. No matter remove anyone of a significant parameter 1 β , 3 β or 4 β , through variance analysis table, the correlation coefficient and residual standard deviation (Table 4) are not as good as the results in Table III . 
IV. EXPERIMENTAL DATA
The linear regression equation is embedded in the prediction truncation algorithm, and through the test image compression, compares the mentioned encoding speed and the reconstructed image quality of PSNR values between this algorithm and the original algorithm, which are shown in Table V and Table VI , the compression ratio is 0.125, the International Journal of Future Computer and Communication, Vol. 1, No. 4, December 2012 wavelet transform layer is 4. As in the multi-tasking operating system, using the timing method evaluation algorithm speed is very difficult, the multi-task switching and machine load will greatly affect the determination of time. Therefore, in this paper, this method is used to measure the computational complexity with calculating the number of basic operations. Select the number of calls of bit coding function jpc_mqenc_putbit in Geojasper [4] as the basic unit of measuring computational complexity, and this function always appears in pairs with the operations of updating context, therefore it can very accurately measure the efficiency of algorithm. From the experimental results, in T1 encoding stage, the number of prediction truncation algorithm of calling basic coding operations is generally only 4% to 5% of the original algorithm, and the predict truncation algorithm abandons the rate distortion search to the optimal hierarchical truncation point in T2 encoding stage, while the latter generally occupies about 35% of the JPEG2000 encoding time. Comparing prediction truncation algorithm PSNR value with the original algorithm, the difference range is between 0.2 ~ 0.8dB. From Figure 4 , even in high compression ratio, the naked eyes are difficult to distinguish the difference between predict truncation algorithm and the original algorithm about the differences in subjective quality of reconstructed image. Small PSNR loss can exchange significant speed gains, which proves prediction truncation algorithm is indeed effective. Fig. 4 . The image quality compare between prediction truncation algorithm and the original algorithm (Goldhill, compression rate is 0.0625).
V. CONCLUSIONS
This paper proposes the embedded block coding prediction truncation algorithm based on regression analysis, according to regression equation based on multiple linear regression analysis to predict the cut-off point of the JPEG2000 bit-plane scanning, the channel after the prediction cut-off point and the bit-planes do not have to continue coding, and discard the complex and time-wasted rate distortion search in T2 coding for the best layered cut-off point, thereby which significantly improves the coding efficiency, meanwhile ensures that the subjective reconstruction quality of image is not significantly reduced.
Though the error of empirical formula can not be ignored, estimation of exceeding the scope of the sample observations can not be evaluated. But experimental results show the accuracy of the empirical formula on image quality is not so important than expected. This is mainly because the coefficient energy after wavelet transform concentrates in the sub-bands, if the truncation length of these code blocks prediction is greater than the actual length, more low-frequency coefficients are coded, the relevant coding number of coefficients in high-frequency sub-band will be reduced. And the coding sequence of code block is from the low-frequency sub-band to high-frequency sub-band, so this error has little effect on image quality.
